Chemotherapeutic agents and g-irradiation used in the treatment of brain tumors, the most common solid tumors of childhood, have been shown to act primarily by inducing apoptosis. Here, we report that activation of the CD95 pathway was involved in drug-and g-irradiation-induced apoptosis of medulloblastoma and glioblastoma cells. Upon treatment CD95 ligand (CD95-L) was induced that stimulated the CD95 pathway by crosslinking CD95 via an autocrine/paracrine loop. Blocking CD95-L/receptor interaction using F(ab') 2 anti-CD95 antibody fragments strongly reduced apoptosis. Apoptosis depended on activation of caspases (interleukin 1b-converting enzyme/Ced-3 like proteases) as it was almost completely abrograted by the broad range caspase inhibitor benzyloxycarbonyl-Val-Ala-Asp-fluoromethyl ketone. Apoptosis was mediated by cleavage of the receptor proximal caspase FLICE/MACH (caspase-8) and the downstream caspase CPP32 (caspase-3, Apopain) resulting in cleavage of the prototype caspase substrate PARP. Moreover, CD95 was upregulated in wild-type p53 cells thereby increasing responsiveness towards CD95 triggering. Since activation of the CD95 system upon treatment was also found in primary medulloblastoma cells ex vivo, these findings may have implications to define chemosensitivity and to develop novel therapeutic strategies in the management of malignant brain tumors.
Introduction
Tumors of the central nervous system are the most frequent solid malignancies of childhood (Stevens et al, 1991) . Although medulloblastoma often initially respond to chemotherapy and irradiation, glioblastoma are largely resistant to current treatment approaches and the overall prognosis of patients with this malignancy has not substantially improved for many years (Deen et al, 1993; Friedman et al, 1991) . Malignant growth has been recognized to result not only from enhanced cell proliferation, but also from decreased programmed cell death (Thompson, 1995) . Apoptosis pathways may be disrupted in tumor cells conferring a survival advantage (Thompson, 1995) . Chemotherapeutic agents irrespective of their intracellular target and radiation have been shown to cause cell death by inducing apoptosis in sensitive target cells (Fisher, 1994; Meyn et al, 1996) . However, the precise molecular mechanisms regulating therapy-induced apoptosis in brain tumor cells have not yet been defined. Insights into these mechanisms may be crucial for the development of novel treatment strategies that enhance or restore the ability of cancer cells to undergo therapy-induced cell death.
Cell surface receptor molecules of the tumor necrosis factor/nerve growth factor (TNF/NGF) receptor superfamily such as CD95 (APO-1/Fas) are involved in regulation of apoptosis (Debatin, 1996; Trauth et al, 1989; Oehm et al, 1992; Nagata, 1997) . Triggering of CD95 by crosslinking either with its specific ligand or with an agonistic anti-CD95 antibody rapidly induces apoptosis in vitro and in vivo in sensitive cells by activating a death signaling cascade . Upon crosslinking, CD95 recruits FADD/MORT-1 and FLICE/MACH (caspase 8), a member of the caspase family (ICE/Ced-3 like proteases), into a death-inducing signaling complex (DISC) (Kischkel et al, 1995; Muzio et al, 1996; Medema et al, 1997) . FLICE considered to be the most upstream component of the caspase cascade during death receptor-mediated apoptosis is activated upon recruitment to the DISC and catalyzes cleavage of downstream members of the caspase family leading to proteolysis of substrates such as the nuclear enzyme poly(ADP-ribose) polymerase and ultimately to cell death . Although CD95 is expressed on a variety of normal and neoplastic cells including malignant glioma cells (Weller et al, 1994) , the key role of the CD95 pathway in negative growth regulation has mostly been studied within the immune system . CD95-L is a 40 kDa type II transmembrane molecule of the corresponding TNF/NGF family of ligands which may also occur in a soluble form released from the cell surface by proteolytic cleavage (Suda et al, 1993; Tanaka et al, 1995) . CD95-L is upregulated in activated T-cells and is crucial for maintenance of homeostasis within the immune system, e.g. by eliminating peripheral T-cells following an immune response (Dhein et al, 1995) .
We and others recently identified the CD95 ligand/ receptor system as a key mediator of drug-induced apoptosis in leukemia and solid tumor cells (Friesen et al, 1996; Fulda et al, 1997; Mueller et al, 1997) . Similar to apoptosis in activated T-cells, CD95-L was induced upon treatment with cytotoxic drugs and triggered cell death in an autocrine or paracrine manner via crosslinking of CD95 (Friesen et al, 1996; Fulda et al, 1997) . In addition, treatment with cytotoxic drugs resulted in upregulation of CD95 Debatin, 1997; Micheau et al, 1997; Mueller et al, 1997) . In the present study, we investigated the molecular requirements for apoptosis in response to anticancer drugs and g-irradiation in medulloblastoma and glioblastoma cell lines and in ex vivo-derived primary tumor cells.
Results

Drug-and g-irradiation-induced apoptosis
Following drug treatment of g-irradiation medulloblastoma and glioblastoma cells showed morphological alterations typical of cells undergoing apoptosis such as shrinkage, membrane blebbing and nuclear condensation as assessed by light microscopy and DAPI-staining (data not shown). Propidium iodide staining and FACS analysis were performed for dose response experiments. Doxorubicin and g-irradiation rapidly induced apoptosis in D283 Med and Daoy medulloblastoma cells compared to A172 glioblastoma cells which showed a more delayed response (Figure 1 ). Other cytotoxic drugs used in the treatment of brain tumors such as cisplatinum, VP-16, vincristine and cytarabine similarly triggered apoptosis in these cell lines (data not shown). In addition to propidium iodide staining, analysis of apoptosis by annexin V staining revealed similar results (data not shown). These data show that cytotoxic drugs and g-irradiation, therapeutic interventions used for the treatment of brain tumors in vivo, caused apoptotic death in target cells in vitro.
Activation of caspases
To gain insight into the molecular requirements of drug-and g-irradiation-induced apoptosis we investigated whether caspases (ICE/Ced-3 like proteases) involved as effector molecules in various death signaling pathways were activated upon treatment. To assess activation of caspases we monitored cleavage of the nuclear enzyme poly(ADP) ribose polymerase (PARP), one of the known substrates of caspases (Teweri et al. 1995) by Western blot analysis. Following incubation with doxorubicin and g-irradiation PARP was proteolytically processed to its characteristic 85 kDa fragment ( Figure 2A ). Kinetics of PARP cleavage corresponded to kinetics of apoptosis induction as D283 Med cells which rapidly underwent apoptosis also rapidly processed PARP upon doxorubicin treatment (Figure 2A ). The delayed kinetics of apoptosis induction in A172 glioblastoma cells was reflected by delayed detection of cleaved products of PARP ( Figure 2A ).
To assess different components of the caspase cascade activation of the CD95 receptor-proximal caspase FLICE and the downstream caspase CPP32 was monitored. Upon drug incubation and g-irradiation full length FLICE, which exists in two isoforms (caspase 8/a and 8/b; Scaffidi et al, 1997) , was cleaved into the p43 and p41 intermediate fragments derived from the two isoforms of FLICE, respectively, and to the p18 active subunits ( Figure 2B ). In addition, CPP32 was proteolytically processed to its active subunits ( Figure 2B ). Incubation with the broad spectrum peptide inhibitor of caspases zVAD-fmk almost completely inhibited doxorubicin-and g-irradiation-induced apoptosis ( Figure 2C ) and blocked cleavage of FLICE and PARP ( Figure 2D ) suggesting that caspases were central to treatment-induced apoptosis. To test whether doxorubicin-induced activation of caspases and apoptosis depended on protein synthesis cells were incubated with cyclohex-
Time (h) Figure 1 Drug-and g-irradiation-induced apoptosis. Apoptosis of medulloblastoma (D283 Med, Daoy) and glioblastoma (A172) cells was determined by FACS analysis of propidium iodide stained nuclei after treatment with doxorubicin or g-irradiation at concentrations and for time points indicated (doxorubicin: &, 0.01 mg/ml 71 ; &, 0.05 mg/ml 71 ; 6, 0.1 mg/ml 71 ; *, 0.5 mg/ ml 71 ; *, 1 mg ml 71 ; g-irradiation: &, 3 Gy; &, 10 Gy; 6, 30 Gy; *, 60 Gy; *, 100 Gy). Percentage of specific apoptosis was calculated as follows: 1006(experimental apoptosis (%) ± spontaneous apoptosis (%)/100% ± spontaneous apoptosis (%)). Data are the mean of triplicates with standard deviations of less than 10%. Similar results were obtained in three separate experiments 71 doxorubicin (Doxo) or for 72 h with 30 Gy (Gy) in the absence (black bars) or presence of 60 mM zVAD-fmk (white bars) or 0.5 mg ml 71 CHX (hatched bars). Apoptosis was determined by FACS analysis of propidium iodide stained nuclei. Specific apoptosis was calculated as described in Figure 1 . Data are given as mean from three independent experiments done in triplicates. Standard deviations were less than 10%. Western blot analysis was performed as described in B Therapy-induced apoptosis in brain tumor cells S Fulda et al imide (CHX) prior to treatment with doxorubicin. Doxorubicin-and g-irradiation-triggered apoptosis and cleavage of FLICE and PARP was inhibited by incubation with cycloheximide ( Figure 2C and D) indicating that treatment-induced apoptosis required protein synthesis. Taken together, these findings suggest that caspases were centrally involved in mediating cell death following drug treatment and g-irradiation of brain tumor cells.
Induction of CD95-L
Activation of FLICE has been observed in response to CD95 triggering by recruitment of FLICE to the activated CD95 DISC . To investigate whether CD95 triggering might account for FLICE activation in our system we first analyzed CD95 expression and sensitivity to CD95 triggered apoptosis. All cell lines expressed moderate levels of CD95 and underwent apoptosis upon incubation with an agonistic anti-APO-1 (anti-CD95) antibody and cycloheximide indicating that the CD95 signaling pathway was intact in these cells (data not shown).
We next asked whether CD95-L was upregulated upon treatment and triggered the CD95 signaling pathway by crosslinking its cognate receptor. Incubation with doxorubicin or g-irradiation caused induction of CD95-L mRNA and protein as assessed by RT ± PCR and Western blot analysis, respectively ( Figure 3A ). To test whether CD95 ligand/receptor interaction were involved in triggering apoptosis blocking experiments were performed. Blockade of CD95 using F(ab') 2 anti-APO-1 antibody fragments, which have been described to interfere with CD95 ligand/receptor interaction (Dhein et al, 1995; Friesen et al, 1996) , strongly reduced apoptosis ( Figure 3B ). This indicated that treatment-induced apoptosis in brain tumor cells was, at least in part, mediated via the CD95 ligand/receptor system.
Upregulation of CD95
CD95 expression has previously been reported to be upregulated upon drug treatment in wild-type p53 cells Debatin, 1997; Michaeu et al, 1997; Owen-Schaub et al, 1995; Mueller et al, 1997) . Treatment with cisplatinum or g-irradiation stimulated CD95 expression in wild-type p53 cells (D283 Med, A172), but not in p53 mutant cells (Daoy) as assessed by FACS analysis ( Figure 4A ). Increased expression of CD95 protein was also found by Western blot analysis ( Figure 4B ). CD95 mRNA was induced in cells with wild-type p53 (D283 Med, A172), but not in p53 mutant Daoy cells indicating that upregulation of CD95 protein resulted from increased mRNA levels ( Figure 4B ). P53 accumulated in wild-type p53 cells prior to upregulation of CD95 after drug treatment and g-irradiation apoptosis ( Figure   Figure 3 Induction of CD95 ligand. (A) Analysis of CD95-L mRNA and protein. Medulloblastoma (D283 Med, Daoy) and glioblastoma (A172) cells were treated (+) with 0.5 mg ml 71 doxorubicin for 24 h (Doxo) or 30 Gy for 72 h (Gy). CD95-L mRNA expression was determined by RT ± PCR. CD95-L protein expression was analyzed by Western blot. 40 mg protein of cell lysates per lane were separated by 12% SDS ± PAGE. Immunodetection of CD95-L protein was performed by mouse anti-CD95-L monoclonal antibody and ECL. (B) Inhibition of drug-and g-irradiation-induced apoptosis by F(ab') 2 anti-APO-1 antibody fragments. Daoy medulloblastoma cells were treated for 48 h with 0.5 mg ml 71 doxorubicin (Doxo) or for 72 h with 30 Gy (Gy) after preincubation for 1 h with medium (black bars), 10 mg ml F(ab') 2 FII23 (white bars) or 10 mg ml 71 F(ab') 2 anti-APO-1 (anti-CD95) antibody fragments (hatched bars). Apoptosis was determined by FACS analysis of propidium iodide stained nuclei. Specific apoptosis was calculated as described in Figure 1 . Data are given as mean from three independent experiments done in triplicates. Standard deviations were less than 10%
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Therapy-induced apoptosis in brain tumor cells S Fulda et al 4C) suggesting that p53 might be involved in upregulation of CD95.
We then asked whether upregulation of CD95 expression would lead to increased responsiveness towards anti-CD95-induced apoptosis. Treatment of cells haboring wildtype p53 with cisplatinum or g-irradiation prior to addition of anti-APO-1 (anti-CD95) resulted in enhanced apoptosis compared to anti-APO-1 treatment alone, which had only a minimal effect in the absence of cycloheximide ( Figure 4D ). In contrast, p53 mutant Daoy cells could not be sensitized towards anti-CD95 triggering by preincubation with cisplatinum or by g-irradiation ( Figure 4D ). These experiments demonstrated that drug incubation and g-irradiation enhanced CD95 expression in cells with wild-type p53 thereby rendering these cells more susceptible towards anti-CD95-triggered apoptosis.
Drug-induced apoptosis in ex vivo-derived medulloblastoma cells
To assess whether or not our findings were restricted to longterm cultured cell lines, we analyzed drug-induced apoptosis in an ex vivo-derived fresh medulloblastoma tumor specimen. Primary medulloblastoma cells were highly sensitive to treatment with doxorubicin ( Figure 5A ). Upon incubation with doxorubicin expression of CD95-L mRNA and CD95-L protein
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Therapy-induced apoptosis in brain tumor cells S Fulda et al was induced ( Figure 5B ). FLICE was cleaved to its active subunits and PARP was proteolytically processed ( Figure  5B ). Moreover, p53 protein strongly accumulated in response to doxorubicin treatment ( Figure 5B ). Doxorubicin-induced apoptosis was markedly inhibited by cycloheximide and the broad range inhibitor of caspases zVAD-fmk indicating that it depended on protein synthesis and on activation of caspases (data not shown). CD95 expression which was constitutively found in the ex vivo-derived medulloblastoma cells was increased up to fourfold upon incubation with cisplatinum ( Figure 5C ). These findings suggest that activation of the CD95 system may also be involved in drug-induced apoptosis in medulloblastoma cells in vivo.
Discussion
Cytotoxic agents and g-irradiation have been described to exert their action on tumor cells, at least in part, by inducing apoptosis (Fisher, 1994; Meyn et al, 1996) . However, the molecular mechanisms which determine sensitivity of brain Fluorescence intensity (abscissa) is plotted against cell number (ordinate). All experiments were done in triplicates with standard deviations of less than 10%. Similar results were obtained in three separate experiments. (B) Analysis of CD95 mRNA and protein. Medulloblastoma (D283 Med, Daoy) and glioblastoma (A172) cells were treated (+) with 0.1 mg ml doxorubicin (Doxo) or with 10 Gy (Gy) for 24 h. CD95 mRNA expression was determined by RT ± PCR. CD95 protein expression was analyzed by Western blot. 40 mg protein of cell lysates per lane were separated by 12% SDS ± PAGE. Immunodetection of CD95 protein was performed by mouse anti-CD95 monoclonal antibody and ECL. (C) Cisplatinum-and g-irradiation-induced p53 protein expression. D283 Med medulloblastoma and A172 glioblastoma cells were treated (+) with 1 mg ml 71 cisplatinum or 10 Gy (Gy) for indicated time points. 40 mg protein of cell lysates per lane were separated by 12% SDS ± PAGE. Immunodetection of p53 protein was performed by mouse anti-p53 monoclonal antibody and ECL. (D) Increased responsiveness to anti-CD95-induced apoptosis after pretreatment with cisplatinum or g-irradiation. Medulloblastoma (D283 Med, *; Daoy, &) and glioblastoma (A172,~) cells were treated with indicated doses of cisplatinum or g-irradiation alone for 24 h and in combination with (closed symbols) or without (open symbols) 1 mg ml 71 anti-APO-1 for further 24 h. Apoptosis was determined by FACS analysis of propidium iodide stained nuclei. Specific apoptosis was calculated as described in Figure 1 . Specific apoptosis for cells treated for 24 h with 1 mg ml 71 anti-APO-1 alone without cycloheximide was below 4%. Data are given as mean from three independent experiments done in triplicates. Standard deviations were less than 10% Therapy-induced apoptosis in brain tumor cells S Fulda et al tumor cells to treatment have not exactly been defined. Here, we report that activation of the CD95 pathway was involved in drug-and g-irradiation-induced apoptosis of medulloblastoma and glioblastoma cells. Upon drug treatment or g-irradiation CD95-L was induced and triggered apoptosis in an autocrine or paracrine fashion via its cognate receptor. Interfering with CD95 ligand/receptor interaction by blocking antibodies strongly reduced apoptosis. Drug-and g-irradiation-induced apoptosis was mediated by caspases (ICE/Ced-3 like proteases) since the broad spectrum peptide inhibitor of caspases zVAD-fmk almost completely abrogated apoptosis. We recently found that sensitivity for cytotoxic drugs depends on activation of caspases (Los et al, 1997) which have been shown to be an integral part of the CD95 pathway (Los et al, 1995) . FLICE has previously been described to be physiologically activated upon CD95 triggering by recruitment to the CD95 DISC . In this study, we found activation of FLICE upon drug treatment and girradiation probably mediated via CD95 ligand/receptor interaction. However, F(ab') 2 anti-APO-1 antibody fragments did not completely block apoptosis. Since we recently found that FLICE was also activated by other death receptors such as TNFR or TRAIL-R (unpublished data), other death receptor/ligand systems in addition to the CD95 system may also be involved. In addition, activation of caspases and cleavage of substrates such as PARP may, to some extent, occur independent of receptor/ligand interaction, e.g. by a direct effect on mitochondria, as indicated by the fact that PARP was already partially cleaved before FLICE cleavage was detected. Doxorubicin-induced activation of caspases and apoptosis was dependent on protein synthesis as it could be inhibited by cycloheximide indicating that activation of caspases and apoptosis were mediated by death-inducing ligands, probably including CD95-L which was induced upon 
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Therapy-induced apoptosis in brain tumor cells S Fulda et al drug treatment. Taken together, these results show that an intact CD95 signaling pathway was necessary for proper propagation of the death signal. Since activation of the CD95 system upon drug treatment was not restricted to cell lines, but also found in primary tumor cells, our findings are probably relevant to the in vivo situation. However, since most malignant gliomas in vivo are rather resistant to treatment (Deen et al, 1993) , anti-apoptotic programs may be involved in regulation of apoptosis in these tumors (Weller et al, 1995) . There are previous reports on induction of ICE expression after cisplatinum treatment in malignant glioma cells (Kondo et al, 1995) and on PARP cleavage following chemotherapy and g-irradiation (Kaufmann et al, 1993; Datta et al, 1997) . In addition to these reports our findings show that cleavage of caspases and PARP following drug treatment and g-irradiation involves activation of the CD95 system. Drug concentrations used in this study correspond to plasma levels which can be achieved in patients following chemotherapy (Muller et al, 1993; Dominici et al, 1989) indicating that our findings may be of therapeutical relevance. We previously identified stimulation of the CD95 system as one mechanism leading to apoptosis in leukemia and neuroblastoma cells in response to drug treatment (Friesen et al, 1996; Fulda et al, 1997) . In the present study, we found activation of the CD95 system in medulloblastoma and glioblastoma cells sensitive to chemotherapy and g-irradiation. Thus, apoptosis mediated by the CD95 system might play an important role for cytotoxicity by different stimuli such as anticancer drugs and g-irradiation in a variety of sensitive tumor cells. Involvement of the CD95 system in radiation-induced apoptosis has recently been described (Reap et al, 1997) . However, recent reports also suggest that alternative signaling pathways may be involved in drug-triggered apoptosis in some cell types (Eischen et al, 1997; Villunger et al, 1997) .
Wild-type p53 accumulates in response to DNA damage (Fisher, 1994) . Upon drug incubation and g-irradiation we found upregulation of CD95 following accumulation of p53 in wild-type p53 cells, but not in p53 mutant cells consistent with previous reports (Owen-Schaub et al, 1995; Mueller et al, 1997) . Expression of both CD95 mRNA and CD95 protein was increased suggesting that upregulation of CD95 might be regulated by p53 at the transcriptional level or by its influence on stability of CD95 mRNA. Since upregulation of CD95 enhanced sensitivity of these cells to anti-CD95 triggering, it might be functionally important during drug-and g-irradiation-induced apoptosis which involved CD95 ligand/receptor interaction.
There are conflicting data on the relation of p53 status and sensitivity of cancer cells to treatment-induced cytotoxicity. Loss of p53 function is usually considered to confer resistance to chemotherapy and radiation (Lowe et al, 1993) and mutations of the p53 gene although uncommon in childhood medulloblastoma and gliomas have been associated with poor in vivo chemosensitivity and a less favorable prognosis (Pollak et al, 1997; Saylors et al, 1991) . However, recent evidence suggests that the cytotoxic response to chemotherapeutic agents might be variably modulated by loss of wild-type p53 function and might be tissue-specific (Cote et al, 1997; Wahl et al, 1995) . In addition, p53-independent pathways have also been described (Haas-Kogan et al, 1996; Lieberman et al, 1995) . We found a similar response to treatment in p53 mutant Daoy medulloblastoma cells compared to wild-type p53 medulloblastoma and glioblastoma cells. Thus, the p53 status per se might not always be a good predictor for treatment response and intact apoptosis pathways in a more general sense may determine sensitivity or resistance of tumor cells.
These findings may have important implications for the future management of medulloblastoma and malignant glioma. Insights into the molecular components which determine sensitivity to treatment may provide a solid basis for new treatment approaches, i.e. the development of novel compounds or gene transfer approaches to increase sensitivity and to overcome resistance.
Materials and Methods
Drugs and irradiation protocol Doxorubicin (Farmitalia, Milano, Italy) and cisplatinum (Sigma, Deisenhofen, Germany) were provided as pure substances and dissolved in sterile water (1 mg ml 71 ). Cells were irradiated with doses of 3 ± 100 Gy at room temperature using a 137 Cs source (Gamma Cell 1000, Atomic Energy of Canada, Ltd., ON) at 1.3 Gy/min.
Cell culture and preparation of medulloblastoma tumor specimen
Human medulloblastoma cell lines Daoy (Jacobsen et al, 1985) and D283 Med (Friedman et al, 1985) and the glioblastoma cell line A172 (Giard et al, 1973) were obtained from the American Type Culture Collection (Rockville, MD) and maintained in monolayer culture in 75 cm 2 tissue culture flasks (Falcon, Heidelberg, Germany) in RPMI 1640 medium (Gibco BRL, Eggenstein, Germany) supplemented with 10% heat inactivated FCS (Conco, Wiesbaden, Germany), 10 mM HEPES, pH 7.3 (Biochrom, Berlin, Germany), 100 U ml 71 penicillin (Gibco), 100 mg/ml 71 streptomycin (Gibco) and 2 mM L-glutamine (Biochrom) and incubated at 378C in 95% air/5% CO 2 . Primary medulloblastoma tumor tissue containing more than 95% of tumor cells as assessed by histological examination was obtained at the time of initial surgery from a 10-year-old boy. Classical histology of a medulloblastoma WHO grade IV with no evidence for neuronal or glial differentiation was found.
Determination of apoptosis
FACS analysis of propidium iodide stained nuclei was performed as previously described (Nicoletti et al, 1991) . Cells were analyzed for DNA content by flow cytometry (FACScan, Becton Dickinson, Heidelberg, Germany) using CELLQuest software.
Inhibition of apoptosis by zVAD-fmk, CHX or F(ab') 2 anti-APO-1 (anti-CD95) antibody fragments
The broad range tripeptide inhibitor of caspases zVAD-fmk (Enzyme Systems Products, Dublin, CA) was used at a concentration of 60 mM. Preparations of F(ab') 2 anti-APO-1 (CD95) antibody fragments and isotype-matched antibody FII23 (IgG3) were performed as previously described (Dhein et al, 1995) . Cells were incubated with 10 mg ml 71 Therapy-induced apoptosis in brain tumor cells S Fulda et al F(ab') 2 0.5 mg ml 71 CHX (Sigma) for 1 h at 378C prior to addition of drugs.
Detection of CD95 expression
Cells were stained with anti-APO-1 (anti-CD95) IgG1 monoclonal antibody (1 mg ml 71 ) (Trauth et al, 1989) for 45 min at 48C followed by goat anti-mouse IgG-phycoerythrin (Immunotech, Hamburg, Germany) for 30 min at 48C. Cells were analyzed by flow cytometer using CELLQuest software (Becton Dickinson). FII23 IgG1 antibody was used as isotype-matched antibody to control unspecific binding.
RT ± PCR for CD95 and CD95-L mRNA
Total RNA was prepared using the Qiagen total RNA kit (Qiagen, Hildren, Germany). RNA was converted to cDNA by reverse transcription and amplified for 38 cycles by PCR in a thermocycler (Stratagene, Heidelberg, Germany) using the Gene Amplification RNA ± PCR kit (Perkin Elmer, Branchburg, NJ) following the manufacturer's instructions. A 500-base pair fragment of CD95-L was amplified using primer 5'-ATGTTTCAGCTCTTCCACCTACAGA-3' and 5'-CCAGAGAGAGCTCAGATACGTTGAC-3' and a 311-base pair fragment of CD95 was amplified using primer 5'-TCAAGGAATG-CACACTCACCAGC and 5'-GGCTTCATTGACACCATTCTTTCG-3'. Expression of b-actin (MWG-Biotech, Ebersberg, Germany) was used as standard for RNA integrity and equal gel loading. PCRreaction products were run at 60 V for 2 h on a 1.5% agarose gel stained with ethidium bromide and visualized by UV illumination.
Western blot analysis
Proteins for Western blot analysis were extracted from cells lysed for 30 min at 48C in PBS with 0.5% Triton X (Serva) and 1 mM PMSF (Sigma) followed by high-speed centrifugation. Membrane proteins were eluted by buffer containing 0.1 M glycine, pH 3.0 and 1.5 M Tris, pH 8.8. Protein concentration was assayed using bicinchoninic acid (Pierce, Rockford, IL). 40 mg protein per lane was separated by 12% SDS ± PAGE and electroblotted onto nitrocellulose (Amersham, Braunschweig, Germany). Equal protein loading was controlled by Ponceau red staining of membranes. After blocking for 1 h in PBS supplemented with 2% BSA (Sigma) and 0.1% Tween 20 (Sigma) immunodetection of CD95-L, CD95, FLICE, CPP32, PARP and p53 protein was done using mouse anti-CD95-L monoclonal antibody (1 : 2500, Transduction Laboratories, Lexington, KY), mouse anti-CD95 monoclonal antibody (1 : 1000, Transduction Laboratories), mouse anti-FLICE monoclonal antibody C15 recognizing the FLICE active subunits p18 (1 : 5 dilution of hybridoma supernatant, Scaffidi et al, 1997) , mouse anti-CPP32 monoclonal antibody (1 : 1000, Transduction Laboratories), rabbit anti-PARP polyclonal antibody (1 : 5000, Enzyme Systems Products) or mouse anti-p53 monoclonal antibody (1 : 1000, Transduction Laboratories) followed by horseradish peroxidase-conjugated goat anti-mouse IgG or goat anti-rabbit IgG (1 : 5000, Santa Cruz Biotechnology, Santa Cruz, CA). ECL (Amersham) was used for detection.
